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FIELD OF THE INVENTION 

[0001] This invention relates generally to methods and 
apparatus for cleaning semiconductor-processing equipment. 

BACKGROUND 

[0002] Semiconductor devices are built up using a number of 
silicon compound and metal material layers. Some layers 
can be grown from another layer; for example, an insulating 
layer of silicon oxide can be grown over a layer of silicon 
by oxidizing the silicon surface. Other layers are 
deposited using various techniques, such as vacuum 
evaporation, sputtering, and chemical vapor deposition 

(CVD) . The layers are patterned with photoresists to 
remove selected portions. The remaining material forms 
circuit features that will eventually make up an integrated 
circuit . 

[0003] Metal etch processes commonly employ halogen etch 
gases, such as chlorine and bromine gas. Silicon etch 
processes also employ halogen etch gases, such as nitrogen 
trifluoride, sulfur hexaf luoride , and tetraf luoromethane . 
Halogen and halogen-bearing etch gases react with aluminum 
surfaces of process equipment to form halogen etch 
contaminants, such as aluminum fluoride and aluminum 
chloride. 

[0004] Halogen etch contaminants and other process 
byproducts collect on interior surfaces of process 
equipment. Thus, after substantial use, contaminant films 
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accumulate on components and surfaces within the reaction 
chamber. As these films grow inside the chamber, they 
become increasingly troublesome sources of contaminants. 
The reaction chamber, including internal components, must 
therefore be periodically cleaned or replaced. 
[0005] Halogen etch contaminants are difficult to remove. 
This difficulty is exacerbated when the contaminated 
surfaces are difficult to access. Aluminum electrodes that 
double as gas-distribution plates (commonly known as 
"showerheads" ) are particularly difficult to clean. 
Showerheads typically include tens to hundreds of very 
small holes that become clogged with aluminum fluoride or 
aluminum chloride during etch processes that employ 
fluorine or chlorine gas species. Showerheads manufactured 
by Applied Materials and Tokyo Electron Limited are 
typical . 

[0006] There are two common types of showerheads. In the 
first type, the entire electrode surface, including within 
the holes, is anodized aluminum. In the second type, each 
hole • includes a VESPEL insert. VESPEL is a type of plastic 
that inhibits formation of contaminants to minimize the 
need for cleaning. 

[0007] Showerheads with anodized aluminum holes are 
conventionally cleaned by bead blasting. In this laborious 
process, the perforated surface of a showerhead is "masked" 
prior to bead blasting with a plate that has precision- 
drilled holes matching the holes in the showerhead. 
Unfortunately, bead blasting removes some of the anodized 
material from the showerhead, reducing the useful life of 
expensive components. Moreover, bead blasting produces 
excessive particulate contamination from the component 
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surface and blast media. 

[0008] Showerheads with VESPEL inserts are conventionally 
cleaned by C0 2 blasting. This method is similar to bead 
blasting, but the beads are substituted with C0 2 ice 
particles that collide with and remove aluminum fluoride, 
aluminum chloride, and other contaminants. The 
effectiveness of this method reduces with holes size, 
making it difficult or impossible to properly clean 
showerheads. Carbon dioxide is also used on anodized 
aluminum holes to remove loose contaminants, but is 
ineffective at removing aluminum chloride or aluminum 
fluoride chemically bound to aluminum surfaces. 
[0009] In light of the foregoing problems, there is a need 
in the art for an improved method of removing contaminants 
in general - and compounds of halogens and aluminum in 
particular - from semiconductor process equipment. 

SUMMARY 

[0010] The invention is directed to systems and methods for 
removing stubborn contaminants from semiconductor- 
processing equipment. One embodiment of the invention 
forces steam through small holes in a gas distribution 
plate to remove build up on the interior walls of the 
holes. This procedure works particularly well in removing 
halogen etch contaminants from aluminum surfaces without 
unnecessarily damaging the underlying component. 

[0011] In one embodiment, a cleaning fixture disposed 
between a steam source and a contaminated component directs 
steam through holes in the component . Steam cleaning may 
work better at increased steam pressures. The cleaning 
fixture can thus be sealed against the component to force 
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pressurized steam through the holes. Such embodiments can 
include a pressure-relief valve to prevent excessive 
pressure from building up between the fixture and the 
component . 

[0012] In another embodiment of the invention, all or a 
portion of the component undergoing the steam-cleaning 
process is immersed in a bath. Steam immerging from the 
component during the cleaning process may thus be directed 
into the bath. This embodiment improves operator safety by 
condensing the steam as it immerges from the component, 
reducing the amount of potentially dangerous steam escaping 
into the surrounding area. 

[0013] The claims, and not this summary, define the scope 
of the invention. 

BRIEF DESCRIPTION OF THE FIGURES 

[0014] Figure 1 depicts a cleaning system 100 for cleaning 
semiconductor-processing equipment in accordance with an 
embodiment of the present invention. 

[0015] Figure 2 depicts fixture 120 of Figure 1 in cross- 
section. 

DETAILED DESCRIPTION 

[0016] Figure 1 depicts a cleaning system 100 for cleaning 
semiconductor-processing equipment in accordance with an 
embodiment of the present invention. In the example, 
system 100 is adapted to remove halogen etch contaminants, 
such as aluminum fluoride and aluminum chloride, from a 
conventional showerhead 105. System 100 is particularly 
effective for removing halogen etch contaminants from the 
interior surfaces of small holes, or channels, 110. 
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[0017] System 100 includes a steam source 115 connected to 
a cleaning fixture 120 via a steam line 125 and a pipe 
fitting 130. Cleaning fixture 120 include a body portion 
120A and a component interface 120B. Interface 120B 
attaches to showerhead 105 using, for example, bolt holes 
135 in showerhead 105 using any appropriate hardware. 
Cleaning fixture 120 optionally includes a conventional 
pressure-relief valve 135 to prevent excessive pressure 
from building up between fixture 120 and showerhead 105. 
[0018] A steam generator for use as steam source 115 is, in 
one embodiment, a Platinum Series ENG4-2000 pressure Washer 
from Landa, Inc., of Camus, Washington. Steam source 115 
produces hot water, steam, or a combination of the two. 
Both liquid water and steam (collectively "water") can be 
used to remove contaminants such as aluminum fluoride, 
though steam is preferred. 

[0019] System 100 cleans showerhead 120 by forcing water 
through channels 110 via steam source 115, line 125, 
fitting 130, and fixture 120. The steam within fixture 120 
is, in one embodiment, delivered from steam source 115 at a 
pressure of between 2000 and 2500 psig and a temperature 
above 212 degrees Fahrenheit, e.g., 300 degrees Fahrenheit. 
Higher temperatures and pressures increase the reaction and 
solvation rates important for rapid cleaning. 
[0020] Steam source 115 can be adapted to provide various 
types of steam. For example, oxidizing agents, such as 
hydrogen peroxide, or reducing agents, such as ionized 
hydrogen, may be added to the steam. In one embodiment, up 
to two percent hydrogen peroxide is added to the water in 
steam source 115. 

[0021] Steam pressure produces significant force across the 
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inside face of showerhead 12 0. Too much force can be 
dangerous to operators and equipment, so pressure -relief 
valve 13 5 is adapted to control the pressure to a level at 
or below a desired maximum level, 50 psig in one example. 
Higher pressures may clean better, but the capability of 
steam source 115, the related plumbing, the sensitivity of 
the components being cleaned, and operator safety should 
also be considered in determining an appropriate pressure 
for a given cleaning process. 

[0022] Figure 2 depicts the combination of showerhead 105 
and fixture 120 partially immersed in a tub 200 of water 
205. Steam immerging from channels 110 may be dangerously 
hot, and the resulting clouds of vapor my reduce 
visibility. Submersing at least the external face of 
showerhead 105 in relatively cool water 205 ameliorates 
these problems because the steam cools and condenses upon 
immerging from channels 110 into water 205. The output of 
pressure-relief valve 135 can also be directed into water 
205, via e.g. a tube 210, to further reduce problems 
associated with escaping steam. In one embodiment, water 
205 is de-ionized water that includes from zero to two 
percent hydrogen peroxide to assist the cleaning process. 

[0023] Fixture 120 is shown in cross-section in Figure 2. 
In this embodiment, fixture 120 includes three pieces of 
aluminum or stainless steel: a top plate 220, interface 
portion 120B, and a cylindrical section 225. These three 
pieces are attached to one another via a pair of circular 
welds 230 and 235. Fixture 120 additionally includes a 
pipe-threaded st earn inlet 240, pressure-relief valve 135, 
and tubing 210 for directing steam released from valve 135 
into water 205. An optional O-ring 250 and corresponding 
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recess in interface 120B improves the seal between 
interface 120B and showerhead 105. 

[0024] The above -described cleaning procedures are 
enhanced, in some embodiments, by presoaking the component 
to be cleaned in hot (e.g., 190 to 200 degrees Fahrenheit) 
water. Presoaking can be done more quickly in hotter 
water, so parts can benefit from presoaking at elevated 
pressures that allow presoak temperatures in excess of 212 
degrees Fahrenheit. In one embodiment, the presoak 
solution is de- ionized water that includes from zero to two 
percent hydrogen peroxide. The presoak solution can be 
agitated using any number of well-know methods. In some 
cases, the soaking process may clean the component 
sufficiently to avoid the need for cleaning processes of 
the type described in connection with Figures 1 and 2. 
[0025] While the present invention has been described in 
connection with specific embodiments, variations of these 
embodiments will be obvious to those of ordinary skill in 
the art. For example, the invention is not limited to 
showerheads, but may be used to clean other components with 
hard-to-reach surfaces. Moreover, steam need not be 
directed through channels in process equipment, but may 
also be directed at exposed contaminated surfaces to remove 
aluminum fluoride, etc. In another embodiment, ionized 
hydrogen and nitrogen are used in conjunction with steam 
cleaning. For example, a three percent solution of 
hydrogen and nitrogen is run though an ionizer and 
directed, with steam, at contaminated surfaces. Therefore, 
the spirit and scope of the appended claims should not be 
limited to the foregoing description. 
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